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Twenty&me children and young persons with a congenital 
long QT syndrome were identified: the median age at the 
e of referral was 10 years (ran 
patients (61%) had a family 
Among the 19 patients with symptoms, 
was syncope in 13 (69%), aborted sudden death in 5 (26%) 
and near drowning in 1 (5%). There w three deaths 
during a combined follow=up period of patient-beam 
respond to therapy with a be 
those who died were significantly younger tha 
ing patients at the time of diagnosis (p 5 0.0 
treadmill exercise tests 
significant prolongatio 
corrected QT (QTc) interval in 
maximal p~longation present atier 2 min of recovery 
(median QTc interval 0.52 s versus a baseline value of 
The congenital long QT syndromes are an infrequent but 
serious group of conditions associated with potentially lethal 
ventricular arrhythmias in both children and adults (i-3). A 
beta-adrenergic blocking agent alone or in conjunction with 
left cardiac sympathectomy or cardiac pacing in refractory 
cases is effective in diminishing the frequency of ventricular 
arrhythmias and sudden death in affected adults (4,5). Al- 
though there is a tendency toward spontaneous improve- 
ment in symptomatic older persons, the outcome for chil- 
dren with a long QT syndrome has not been well defined. 
The recent untimely death of two affected children who 
appeared to be receiving appropriate treatment and the 
relative frequency with which the diagnosis of a long QT 
syndrome has been made in recent years in our institution 
prompted this review of our experience with these condi- 
tions in childhood and adolescence. 
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ients. Ambulator 
tie&. A retrospective review was 
all at The Royal Children’s Hospital 
diagnosis of a congenital long QT sy~dro 
or in whom abnormal QT prolongation had been reported 
from an electrocardiogram (EC(;), ambulatory Holter mon- 
itor ECG recording or a treadmill exercise test. The comput- 
erized diagnostic codes in both the medical records and 
cardiology departments were reviewed, and the records of 
all patients seen since 1970 with a primary ventricular 
arrhythmia or aborted sudden death were also examined. 
The criteria for the diagnosis of a long QT syndrome in 
patients and their families included both a corrected QT 
(QTc) interval of >0.44 s in either lead 11 or V, (6) and an 
absolute QT interval greater than the 98th percentile for 
heart rate in lead V, (7). Patients with bioch 
bolic or neurologic disorders known to cause 
tion were excluded from consideration. Siblings of affected 
patients who had died suddenly without prior confirmation 
of the diagnosis were not included in this review. 
All available EC&, ambulatory alter monitor record- 
ings and treadmill exercise tests were analyzed for the 
duration of the QT interval, the configuration of the T waves 
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elsewhere were cu~tacted toobtain recent follow-up infor- 
mation, including the results of any relevant ~~vest~gatio~s. 
Symptoms (syncope or sudden death) that developed or 
A total of 23 patients with a congenital long 
were identified (Table 1). In 18 patients, the diagnosis was 
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16). The median duration of symptoms (before referral) 
among the 13 patients whose initial symptom was syncope 
was 2 years (range 0.02 to 15). As expected, the syncopal 
episodes were invariably related either to physical exertion 
(in particular, swimming) or to an emotional upset. 
confirming the diagnosis of a long 
patients with borderline QT prolongat 
The reason for referral in the seven patients withoaf 
symptoms was a family history of a long QT syndrome or 
sudden death in three patients, sensorineural deafness in two 
patients. an innocent systolic murmur in one patient and 
bradycardia due to atrioventricular (AV) block in one patient 
(Fig. I). Of these seven patients, three subsequently devel- 
oped symptoms, which included sudden death in two cases 
(Patients I and 8) and syncope in one case (Patient 21). 
alter Electrocardiographic Monitoring and 
Treadmill Exercise Testing 
Of the seven patients who developed a sustained ventric- 
ular arrhythmia requiring immediate cardiopalmonary re- 
suscitation, only two had experienced previous syncope; the 
remainder had had no prior symptoms. All except one 
patient (who had previously been seen with an innocent 
murmur) were successfully resuscitated from their initial 
arrhythmia (torsade de pointes or ventricular fibrillation in 
each case) and the majority were referred promptly for 
further assessment. In one case, however, a diagnostic ECG 
performed after resuscitation was overlooked until a second 
episode of ventricular fibrillation led to a severe and perma- 
nent neurologic deficit. 
Treadmill exercise testing 44 
Changes in T wave configuration 5 (111 
Frequent unifocal VPBs 6 (14) 
Multifocal VPBs I (2) 
Torsade de pointes I (2) 
Holter monitoring 35 
Changes in T wave configuration 14 (40) 
Periods of frequent unifocal VPBs (SO/h) 3 (9) 
Suslained ventricular arrhythmia 0 
AV conduction block 2 (6) 
AV = atrioventricular: VPBs = ventricular premature beats. 
Table 3. Corrected QT (QTc’c, Intervais During 44 Exercise Tests 
in 16 Patients 
Treadmill exercise testing (Tables 2 and 3). A total of 44 Median QTc (ms) 
treadmill exercise tests were performed by I6 patients, I2 of 95% confidence 
whom were receiving beta-blocker therapy at the time of interval (ms) 
testing (Table 2). Treadmill exercise testing was helpful in No. of observations 
ciated with 2: I at~iove~t~icM~ar block. 
No. of 
Tests (%) 
No. of 
Patients (%) 
16 
3 (19) 
4 (25) 
I (0 
I (6) 
I5 
8 (53) 
2 (13) 
0 
I (7) 
Rest 
Peak 
Exercise 
Recovery 
2 Min 5 Min 
470 510 520 415 
45(i-490 485-435 505-540 
44 43 42 34 
anel was t-ecorde 
time of death. Only one pdie atieot 7) had experience 
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prior symptoms, another (Patient 1) wasreferred with post- 
natal bradycardia and a third (Patient 8) because of an 
innocent systolic murmur. Two patients died despite beta- 
blocker therapy, which in one patient was combined wit 
atrial demand pacing. 
There was no single factor on the rest ECG, treadmill 
exercise test or ambulatory Holter monitor (other than T 
wave alternation) that distinguished patients wi h a poor 
outcome from the remaining patients. However, all patients 
with a poor outcome came from the initial group of five 
patients whose first symptom was a sustained ventricular 
arrhythmia. Ofthese, three di d, one had neurologic damage 
and one required triple therapy (beta-blockade, leftcardiac 
sympathectomy and permanent cardiac pacing) to control 
symptoms. Within this series, both refractory symptoms and 
sudden death were associated with a younger age at the time 
of diagnosis. Among the 16 patients who were initially 
treated with a beta-blocker, the median age at diagnosis of
the 4 patients who experienced treatment failure was signif- 
icantly less than that of the remaining 12 patients in whom 
beta-blocker therapy alone was successful in abolishing 
symptoms (4 versus II years, p < 0.05). Similarily, the 
median age at the time of diagnosis ofthe three patients who 
died was also significantly less than that of the surviving 
patients (4 versus 11 years, p = 0.05). 
isc 
ole of exercise testing an 
genital long QT syndromes are generally classified into those 
with and without accompanying sensorineural deafness, for 
which autosomal recessive and dominant modes of inheri- 
tance have been proposed, respectively (8). However a 
significant umber of affected individuals with normal hear- 
ing appear to represent sporadic ases (9). Initial reports 
(10-12) dealt with families in whom abnormal prolongation 
of the QT interval in affected members was associated with 
a predisposition to syncope and sudden death from ventric- 
ulararrhythmias. More recently (4,8,13), the spectrum ofthe 
congenital long QT syndromes has been expanded toinclude 
asymptomatic individuals with characteristic ECG changes 
and those with symptoms or a family history of the syn- 
drome in whom borderline orintermittent QT prolongation is 
present or in whom a prominent U wave is visible on the rest 
ECG. 
, Although symptoms of long QT syndromes are usually 
manifested bythe end of the 2nd decade of life, their onset 
may occur rarely as late as the 5th decade (14). The 
heterogeneity of both the clinical and the ECG manifesta- 
tions of long QT syndromes therefore requires a high index 
of suspicion i  patients who have possible symptoms or a 
positive family history, even in the absence of clear-cut 
abnormalities on the rest ECG. It also justifies the frequent 
use of both exercise testing and Holter monitoring, which 
long QT syndrome m
delay in adaptation o 
rate (15). Failure of 
mat QTc prolongatio 
throughout the exercise and r 
ing for these conditions. 
tcome n a re erna- 
tio study ts wit home 
and a mean age of 24 years at tbe time of enrollment, an 
annual mortality rate of 1.3% was noted uring the follow-up 
period. Just over half (57%) of the study group bad experi- 
enced symptoms (usually multiple episodes of syncope) 
leading to treatment with a beta-blocker o left cardiac 
sympathectomy, both of which resulted in a more favorable 
outcome. In the same study (4), the factors most strongly 
associated with continuing cardiac events were female gen- 
der, congenital deafness, a history of sync 
occurrence of torsade de pointes or ventricular fibrillation. 
The striking association within this series of a sustained 
ventricular rhythmia atpresentation with a poor outcome 
suggests hat prior ventricular fibrillation is a potent risk 
factor in young patients and that in such cases early consid- 
eration of dual therapy (beta-blockade plus sympathectomy) 
is warranted. 
As yet, there are no large studies dealing solely with the 
congenital long QT syndromes in the pediatric age group, 
and the outcome for symptomatic children is M~certa~~. 
Clearly, the consideration f predominantly adult patients in
previous studies could result in a selection bias due to the 
exclusion of children, in whom an early on 
might be a marker for a more virulent p 
Thus, if the mortality rate associated with the long QT 
syndrome was highest during childhood, patients urviving 
into adult life could conceivably represent a select group of 
JACC Vol. BQ. No. 4 
nent cardiac pacing in 
ment combination (2 
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